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Abstract 




PROBLEM TO BE SOLVED: To provide a piezoelectric thin film resonator with a wide band width and a wide oscillating 
frequency range when it is applied to a resonator, a filter or the like and having a large electromechanical coupling 

coefficient. 

SOLUTION: This resonator is provided with a single crystal substrate 3, a piezoelectric thin film 2 formed on the single 
crystal substrate 3 and two electrodes 1 made of a conductive film formed on the piezoelectric thin film 2. In this case, the 
piezoelectric thin film 2 is made of e.g. lead zirconate titanate (PZT) or lead titanate (PT) thin film whose the thickness is 0.1- 
10 &mu m formed by a sol-gel method, an electric field is applied between the two electrodes 1 to apply polarization 

rirriP^QQi nn anH in mak^^ th^ r»io"7ri^lor'trir* thin film Aq rtaniiiroH an intor\/sal hofvA/taon +ho t\A/o olor^frr^Hoc i ic maHo fo H ^-iO 
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&mu m and a part of a rear side of the single crystal substrate is removed by etching. 
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(54) PIEZOELECTRIC THIN FILM RESONATOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a piezoelectric thin film 
resonator with a wide band width and a wide oscillating frequency 
range when it is applied to a resonator, a filter or the like and having 
a large electromechanical coupling coefficient 

SOLUTION: This resonator is provided with a single crystal substrate 
3, a piezoelectric thin film 2 formed on the single crystal substrate 3 
and two electrodes 1 made of a conductive film formed on the 
piezoelectric thin film 2. In this case, the piezoelectric thin film 2 is 
made of e.g. lead zirconate titanate (PZT) or lead titanate (PT) thin 
film whose the thickness is 0.1-10 iim formed by a sol-gel method, 
an electric field is applied between the two electrodes 1 to apply 
polarization processing and to make the piezoelectric thin film. As 
required, an interval between the two electrodes 1 is made to 0.5-10 
)xm and a part of a rear side of the single crystal substrate is 
removed by etching. 
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NOTICES 



i^P^nsible £or any 



Japan Patent Office is not n 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] Single crystal substrate. The piezo-electric-crystal thin film formed on this single crystal substrate. Two 
electrodes which consist of conductive films formed on this piezo-electric-crystal thin film. It is the piezo-electric thin 
film resonator equipped with the above, and is characterized by for the above-mentioned piezo-electric-crystal thin 
fiini having consisted of the titanic-acid lead zirconate (PZT) or the lead-titanate (FT) thin film formed of the sol gel 
process, having applied electric field to inter-electrode [ above-mentioned / two ], and making titanic-acid lead 
zirconate (PZT) or a lead-titanate (PT) thin film a piezo-electric-crystal thin film by carrying out polarization 
processing. 

[Claim 21 The piezo-electric thin film resonator according to claim 1 characterized by the above-mentioned titanic- 
acid lead zirconate (PZT) or a lead-titanate (PT) thin film being a thin film with a thickness of 0.1-10 micrometers 
formed by the sol gel process. 

[Claim 3] The piezo-electric thin film resonator according to claim 1 to 2 to which the interval of the two above- 
mentioned electrodes is characterized by being 0.5-10-micrometer structure. 

[Claim 4] The piezo-electric thin film resonator according to claim 1 to 3 characterized by removing a part of rear 
face of the above-mentioned single crystal substrate by etching. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the suitable piezo-electric thin film resonator 
for a resonator, a filter, etc. using the bulk wave of the longitudinal direction of the piezo-electric-crystal thin film 
which operates in a RF region. 
[0002] 

[Description of the Prior Art] Generally, the thickness vibration of sheet metal is used in the piezoelectric transducer 
used in a high frequency band. Conventionally, as a piezoelectric transducer for RFs currently offered, there is a thing 
of the composition of ** of a degree - ** etc. 

[0003] ** The piezoelectric transducer grind piezo-electric boards, such as crystal and electrostrictive ceramics, 
thinly, and using the fundamental vibration. 

** ffigher-mode vibrator using higher harmonics, such as crystal and electrostrictive ceramics. 

** Compound vibrator which forms a piezoelectric vacuum evaporationo film on a substrate, excites this piezoelectric 
vacuum evaporationo film, is made to carry out the higher harmonics of the substrate, and is used. 
[0004] Among the above-mentioned conventional piezoelectric transducers, by the thing of the composition of **, if 
piezo-electric boards, such as crystal and electrostrictive ceramics, are made thin, although basic resonance frequency 
will become high in inverse proportion to board thickness, the more it makes board thickness thin, the more 
machining becomes difficult. For this reason, about 50MHz of resonance frequency is a limitation in 30-40 
micrometers of board thickness now. 

[0005] ** in the thing of composition, in order to use higher harmonics, an electromechanical coupling coefficient 
becomes small, and frequency bandwidth is small — it elapses, and it is not practical and an electromechanical 
coupling coefficient is large ~ low ~ there is a fault used as spurious one in degree vibration Moreover, the thing of 
the composition of ** also has the same fault. 

[0006] By the way, as a piezoelectric material for RFs for piezoelectric devices, AIN, CdS, ZnO, etc. of paraelectrics 
are used, for example. Though such material is thinly processed with machining, the thickness of about 40 
micrometers is a limitation, and in the thing of thickness of this level, any material is [ dozens of MHz of the 
resonance frequency of a fundamental wave ] a limitation. In the piezo-electric thin film resonator for RFs using such 
material, in order to obtain the fundamental vibration of high resonance frequency 500MHz or more, it is necessary to 
set board thickness to 10 micrometers or less, for example. 

[0007] On the other hand, as a method of obtaining the big piezoelectric transducer of an electromechanical coupling 
coefficient in a hundreds of MHz high frequency band, they are thin films, such as a spatter. The piezoelectric device 
indicated by this JP,60-31305,A has removed a part of substrate by etching, in order to lose the influence of a 
substrate and to harness the oscillation characteristic of a piezo-electric-crystal thin film. 

[0008] In addition, the bulk wave of the thickness direction was excited by the electrode of the upper and lower sides 
of a piezo-electric-crystal film so that it might be conventionally represented with the piezo-electric thin film 
resonator using thickness vibration by the piezo-electric thin film resonator indicated by JP,8-148968,A. However, 
since a lower electrode is an inactive field in the case of the piezo-electric thin film vibrator which uses the bulk wave 
of the thickness direction like before, it will become hindrance and the Q value which is the important element of a 
resonator will become small. 
[0009] 

[Problem(s) to be Solved by the Invention] As mentioned above, since the electromechanical coupling coefficient is 
as small as about 20 - 30%, when each conventional piezoelectric material constitutes a resonatpr, a filter, etc., 
bandwidth and an oscillation frequency range are limited. In addition, although a part of substrate is removed in 
JP,60-31305,A in order to improve this point, when a substrate is removed in this way, there is a fault that element 
intensity falls. 

[0010] In order to have constituted the piezo-electric large thin film material of an electromechanical coupling 
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coefficient like PZT conventionally, problem was in the membrane forniatioagM-ocess and obtaining a good 
membraneous piezo-electric-crystal^^ film had the problem referred to as dif^Ht. Moreover, for a dielectric 
constant like PT being small, the Cu^^oint being as high as about 500 degrees, and a problem being in a membrane 
formation process, for constituting the piezo-electric thin film material in which the value of the coupling coefficient 
of the thickness direction and the coupling coefficient of the direction of a breadth has the features, such as differing 
greatly, and obtaining a good membraneous piezo-electric-crystal thin film, the problem referred to as difficult is 
********. And in order to expose a lower electrode, a bird clapper has a process intricately, such as **********ing a 
piezo-electric-crystal film, or leaving a part of lower electrode and forming a piezo-electric-crystal film upwards, in 
order to expose a lower electrode as a terminal electrode. Moreover, since it is an inactive field acoustically, a **** 
intermediary and Q value will become [ it ] small at hindrance. 

[0011] It aims at this invention solving the above-mentioned conventional trouble, an electromechanical coupling . 
coefficient being large, the bandwidth and the oscillation frequency range at the time of applying to a resonator, a 
filter, etc. being a latus piezo-electricity thin film resonator, a lower electrode being unnecessary, and high Q value 
being obtained, therefore offering the piezo-electric thin film resonator of the request with easy manufacture. 
[0012] 

[Means for Solving the Pr9blem] In the piezo-electric thin film resonator equipped with two electrodes \yhich the 
piezo-electric thin film resonator of this invention becomes from a single crystal substrate, the piezo-electric-crystal 
film on this single crystal substrate, and the electric conduction film formed on this piezo-electric-crystal thin film 
The titanic-acid lead zircpnate (PZT) with a thickness of 0.1-10 micrometers or the lead titanate (PT) which the 
above-mentioned piezo-electric-crystal. film formed by the sol gel process (It is only hereafter called PZT or PT) a 
thin film — having — two easy up electrodes on the above-mentioned thin film — having — this — electric field are 
impressed to two up electrodes, and it considers as a piezo-electric-crystal thin film by carrying out polarization 
processing Therefore, since a lower electrode does not exist, polarization of the polarization processing will be carried 
out to a longitudin2il direction. Moreover, since an inactive field does not exist acoustically, high Q value is obtained. 
[0013] Since the piezo-electric-crystal film is formed by PZT or PT which is a large piezoelectric material of an 
electromechanical coupling coefficient, the piezo-electric thin film resonator of this invention can realize a wide band 
filter and the large resonator of an oscillation frequency range in a RF field. 

[0014] And since there is no lower electrode about a piezo-electric-ciystal film by impressing electric field to this up 
inter-electrode one since an up electrode opens an interval and is formed two pieces, it can polarize in a longitudinal 
direction, 

[0015] By the way, especially PZT or PT is difficult to obtain a usually good membraneous piezo-electric-crystal thin 
film. For example, in a spatter, such good PZT or good PT thin film cannot be formed that resonance of vibration can 
be checked enough. 

[0016] On the other hand, if it is membrane formation of PZT or PT thin film by the sol gel process, high resonance 
can be shown to thickness vibration and membraneous good PZT or good membraneous PT thin film which functions 
effectively as a piezo-electric-crystal thin film can be formed. As for the thickness of this PZT or PT thin film, it is 
desirable that it is 0.1-10 micrometers. 

[0017] Moreover, it is desirable still more desirable that it is 0.1-10 micrometers, and the interval between the field of 
a polarization treatment effect and up electrodes (an "up electrode spacing" is called hereafter.) is 0.5-5 micrometers. 
[0018] this invention — ** — a part of single crystal substrate — it can remove by etching, a crevice may be formed 
and, thereby, dispatch frequency and the property of an insertion loss can be raised 

[0019] According to this invention, the thiclaiess of PZT or PT thin film is 0.1-10 micrometers, it is 0.5-10 
micrometers of up electrode spacings, and the high property piezo-electricity thin film resonator of 200MHz - lOGHz 
of resonance frequency bands is offered. 
[0020] 

[Embodiments of the Invention] Below, the form of operation of this invention is explained with reference to a 
drawing. 

[0021] The perspective diagram in which drawing 1 shows the form of operation of this invention, the front view in 
which drawing 2 shows the form of other operations of this invention, the perspective diagram in which drawing 3 
shows the form of another operation of this invention, and drawing 4 are drawings showing the form of the operation 
from which this invention differs, drawing 4 (a) is front view and drawing 4 (b) is a side elevation. 
[0022] In drawing 1 -4, the same sign is given to the member which does the same function so, 

[0023] Single crystal substrates, such as sapphire, and MgO, SrTi03, can be used for the substrate used by the piezo- 
electric thin film resonator of this invention. If it is the single crystal substrate 1, a front face is smooth, and it can be 
enough come also out of a mechanical strength, and it can form good membraneous PZT or good membraneous PT 
thin film comparatively easily by the sol gel process with a certain thing. Moreover, as an electric conduction film 
which constitutes two electrodes, the film which makes aluminum, Pt, Au, etc. a principal component can be used. 
[0024] On the above single crystal substrates, the piezo-electric thin film resonator of this invention forms PZT or PT 
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thin film, and an up electrode layer ^^by one, and is obtained. As an electric ^jduction film which constitutes two 
electrodes, it is a thin film with a th^^^ss of 0.1-10 micrometers which forme^^mbranes by the sol gel process^ 
and PZT or PT thin film as a piezo-eKtric -crystal thin film can form the above-mentioned metal or an alloy film by 
the spatter etc., and in the usual case, the thickness is about 1000-2000A, and it gives piezoelectric by carrying out 
polarization processing, applying electric field to these two electrodes. 

[0025] In this invention, in order to consider as RF correspondence, it is needed that it is 10 micrometers or lesis of 
thickness, and 0.1- 10 micrometers of PZT(s) or the FT thin films 3 as a piezo-electric-crystal thin film is preferably 
determined suitably according to the purpose of use in 0.2-3 micrometers. In addition, if the thickness of PZT or PT 
thin film is too thin, piezoelectricity effect will not be obtained enough, and conversely, if too thick, good 
membraneous quality will not be obtained. 

[0026] As an up electrode 4 (4A, 4B) on PZT or the PT thin film 3, patterning formation of the above-mentioned 
conductive metal layer can be carried out by the spatter etc. 

[0027] although the mechanical strength of a piezo-electric thin film resonator is inferior a little in this invention by 
[ with it better / to have carried out etching processing of the rear face of the single crystal substrate 1, and to form a 
crevice 5 ] forming a crevice 5 in this way as shown in drawing 2 — low ~ it can become possible to excite degree the 
mode more strongly, and dispatch frequency and the property of an insertion loss can be raised 
[0028] As for this crevice 5, it is desirable to form in the position (position which ****(ed) the up electrode in the 
thickness direction on the substrate) which counters the formation position of the up electrodes 4A and 4B in 50 - 
100% of depth of the thickness of the single crystal substrate 1. Under the present circumstances, a substrate is 
increased about several times of a piezo-electric-crystal film. 

[0029] Moreover, in this invention, as shown in drawing 3 , by forming an insulator layer 4 partially on PZT or the PT 
thin film 3, and forming the up electrodes 4A and 4B so that the expressional side of this insulator layer 4, PZT, or the 
PT film 3 may be straddled, the formation position of the up electrodes 4A and 4B as a terminal electrode can be 
shifted, and reinforcement on structure can be aimed at. In this case, as for the thickness of this insulator layer 4, it is 
desirable that it is about 0.05-1 micrometer. 

[0030] Next PZT or PT thin film which is a piezo-electric-crystal thin film of this invention is made like, and is 
formed. On a single crystal substrate, lead compound; tetrapod ethoxy JIRUKOUMU, such as lead alkoxides, such as 
carboxylic-acid lead, such as lead acetate, and JIISO propoxy lead A tetrapod isopropoxy zirconium, tetrapod 
butoxyzirconium, JIRUKO city tongues, such as zirconium alkoxides, such as a dimethoxy JIISO propoxy zirconium 
Titanium compounds, such as titanium alkoxides, such as dimethoxy diisopropoxytitanium, by the predetermined 
mole ratio to solvents, such as a 2-methoxyethanol And PZT or the constituent for PT thin film formation obtained by 
dissolving so that the sum total concentration of metallic-oxide conversion might become about 10 - 20 % of the 
weight is applied by the spin coater etc. on a single crystal substrate, and it dries at 400-600 degrees C. Repeatedly, 
finally it calcinates at 600-700 degrees C for 1 minute to 1 hour, and PZT or PT thin film is obtained until PZT or PT 
thin film of thickness of a request of this application and dryness is obtained. 

[0031] Polarization processing of PZT or PT thin film can be performed by impressing DC voltage of 20-50V to two 
electrodes formed on this PZT or PT thin film for 1-60 minutes. Here, although it comes to function as a piezo- 
electric-crystal thin film by carrying out sufficient polarization processing, if above PZT or the membraneous quality 
of PT thin film is inadequate, the electric field of polarization processing cannot fully be applied and it will not 
function as a piezo-electric-crystal thin film, 
[0032] 

[Example] An example is given to below and this invention is more concretely explained to it. 
[0033] On the silicon on sapphire which is a [example 1] single crystal substrate, the 0.8-micrometer PZT thin film 
was formed by the sol gel process. PZT used for a sol gel process uses a concentration solution 18%. An application 
is repeated with 400-degree C heat treatment, desired thickness is obtained, and, finally it calcinates at the 
temperature of 650 degrees C. Furthermore, aluminum: 1500 A was formed on the PZT thin film, and 2 patterning of 
the pattem of 70x70-micrometer angle was carried out for aluminum at intervals of 3 micrometers like drawing 1 . 
And dry etching of the opening of 70x3 -micrometer angle was carried out for the rear face of a substrate by the 
reverse spatter like drawing 2 . The polarization processing which **(ed) is 150 degrees C, and carried out the seal of 
approval of the direct-current electric field of 300 kV/cm to up inter-electrode one for 10 minutes. By carrying out 
like this, it means that polarization was carried out to the longitudinal direction, and the piezo-electric thin film 
resonator 1 (henceforth this invention resonator 1) of this invention was obtained. 

[0034] This was applied to formation of a PZT thin film by the spin coater using the constituent for PZT thin film 
formation of the following composition. 

The constituent for PZT thin film formation (sum total concentration of metallic-oxide conversion : 20 % of the 
weight) 

lead acetate: — 23.985-% of the weight tetrapod butoxyzirconium: — 1 1.455-% of the weight tetraisopropoxy 
titanium: — 7.842-% of the weight 2-methoxyethanol: — the remainder [0035] In the [example 2] example 1, MgO 
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was used for the single crystal subs^^, opening on the back was formed by chm^stry TCHINGU, and the piezo- 
electric thin film resonator 2 (hence^^^ this invention resonator 2) of this invd^Bi was manufactured. 
[0036] in the [example 3] example ^^Ti03 was used for the single crystal substrate, opening on the back was 
formed by the reverse spatter, and the piezo-electric thin film resonator 3 (henceforth this invention resonator 3) of 
this invention was manufactured. 

[0037] In the [example 4] example 1, the piezo-electric-crystal thin film manufactured the piezo-electric thin film 
resonator 4 (henceforth this invention resonator 4) of this invention which consists of a 0.64-niicrometer PT thin film 
formed by the sol gel process using the concentration solution 10%. 

[0038] In the [example 5] example 2, the piezo-electric-crystal thin film manufactured the piezo-electric thin film 
resonator 5 (henceforth this invention resonator 5) of this invention which consists of a 0.64-micrometer PT thin film 
formed by the sol gel process using the concentration solution 10%. 

[0039] The piezo-electric thin film resonator 6 (this invention resonator 6 and **** were manufactured hereafter) of 
this invention which consists of a 0.64-micrometer PT thin film in which the piezo-electric-crystal thin film was 
formed by the sol gel process using the concentration solution 10% in the [example 6] example 3. 
[0040] It is the piezo-electric thin filni resonator 7 (henceforth this invention resonator 7) of this invention produced 
similarly except having formed Si02 film with a thickness of 1 micrometer by the spatter in addition to the oscillating 
field, as the [example 7] example 1 was shown in drawing 3 after membrane formation of a PZT thin film, and having 
formed two aluminum up electrodes with a thickness of 1500 A so that this Si02 film and a PZT thin film might be 
straddled after that. Even if it makes it such stmcture since it is the same as this invention resonator 1 when the 
impedance by the difference in the area of an up electrode is investigated and it compares with this invention 
resonator 1 about this this invention resonator 7, it is changeless in a property, and it has checked that the terminal 
position of an up electrode was securable. 

[0041] As mentioned above, about the obtained this invention resonators 1-7, the basic resonance frequency of the 
thickness vibration of a piezo-electric thin film resonator was measured, and the result was shown in Table 1. 
[0042] 
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[0043] 

[Effect of the Invention] As mentioned above, by the sol gel process, since PZT with a large electromechanical 
coupling coefficient is used or PT with the features, like a dielectric constant is small, the Curie point is as high as 
about 500 degrees, and the values of the coupling coefficient of the thickness direction and the coupling coefficient of 
the direction of a breadth differ greatly is used, the piezo-electric thin film resonator which realizes a wide band filter 
and the latus resonator of the oscillation week wave number also in easy structure structurally like drawing 1 can be 
obtained. Since the predetermined interval was opened and two up electrodes were prepared, by moreover, the thing 
using a lateral bulk wave Since the lower electrode of an inactive field does not exist acoustically, while being able to 
secure the terminal electrode and also being able to suppress the resonance under a terminal electrode by being able to 
obtain big Q value and constituting a terminal electrode on an insulating layer further, it became possible to 
manufacture a piezo-electric thin film resonator easily. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by tbe use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the. word which can not be translated. 

3. In the drawings, any words are not translated. . . 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 11 It is the perspective diagram showing the gestalt of operation of this invention. 
[Drawing 2] It is the front view showing the gestalt of other operations of this invention. 
[Drawing 3] It is the perspective diagram showing the gestalt of another operation of this invention. 
[Drawing 4] It is drawing showing the gestalt of the operation from which this invention differs, and drawing 4 (A) is 
front view and drawing 4 (B) is a side elevation. 
[Description of Notations] 

1 Up Electrode 

2 Piezo-electric Thin Film 

3 Single Crystal Substrate 

4 Insulator Layer 

5 Crevice 



[Translation done.] 
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